Comparative structural effects of HIV-1 Gag and nucleocapsid proteins in binding to and unwinding of the viral RNA packaging signal.
The major RNA binding region of the HIV-1 Gag polyprotein is the nucleocapsid (NC) domain, which is responsible for the specific capture of the genomic RNA genome during viral assembly. The Gag polyprotein has other RNA chaperone functions, which are mirrored by the isolated NC protein after physiological cleavage from Gag. Gag, however, is suggested to have superior nucleic acid chaperone activity. Here we investigate the interaction of Gag and NC with the core RNA structure of the HIV-1 packaging signal (Ψ), using 2-aminopurine substitution to create a series of modified RNAs based on the Ψ helix loop structure. The effects of 2-aminopurine substitution on the physical and structural properties of the viral Ψ were characterized. The fluorescence properties of the 2-aminopurine substitutions showed features consistent with the native GNAR tetraloop. Dissociation constants (K(d)) of the two viral proteins, measured by fluorescence polarization (FP), were similar, and both NC and Gag affected the 2-aminopurine fluorescence of bases close to the loop binding region in a similar fashion. However, the influence of Gag on the fluorescence of the 2-aminopurine nucleotides at the base of the helix implied a much more potent helix destabilizing action on the RNA stem loop (SL) versus that seen with NC. This was further supported when the viral Ψ SL was tagged with a 5' fluorophore and 3' quencher. In the absence of any viral protein, minimal fluorescence was detected; addition of NC yielded a slight increase in fluorescence, while addition of the Gag protein yielded a large change in fluorescence, further suggesting that, compared to NC, the Gag protein has a greater propensity to affect RNA structure and that Ψ helix unwinding may be an intrinsic step in RNA encapsidation.